Enhanced Permeation of Methotrexate via Loading into Ultra-permeable Niosomal Vesicles: Fabrication, Statistical Optimization, Ex Vivo Studies, and In Vivo Skin Deposition and Tolerability.
The aim of this study was to incorporate methotrexate (MTX) into ultra-permeable niosomal vesicles, containing cremophor RH40 as an edge activator (EA) and polyvinyl alcohol (PVA) as a stabilizer to enhance the drug permeation. Formulae were prepared by ethanol injection method following a Box-Behnken design in order to optimize the formulation variables (EA%, stabilizer %, and sonication time). To investigate the role of both cremophor RH40 and PVA, conventional MTX niosomes and MTX niosomes containing PVA only were fabricated. Drug entrapment efficiency percent (EE%), particle size (PS) analysis, zeta potential (ZP) measurements, and transmission electron microscopy (TEM) were conducted to characterize the vesicles. Cell viability studies and ex vivo permeation experiments of the optimized formula were conducted. Lastly, in vivo skin deposition of MTX from both the optimized formula and MTX solution was performed in rats. Besides, histopathological changes in rat skin were assessed. The optimized MTX ultra-permeable niosomal formula demonstrated spherical morphology, with an EE% of 65.16% and a PS of 453.6 nm. The optimized formula showed better physical stability in comparison with that of the same composition but lacking PVA. The cell viability studies verified the superior cytotoxicity of the optimized formula, and the ex vivo permeation studies revealed its ability to improve the drug permeation. The optimized formula demonstrated a significant deposition of MTX in rat dorsal skin, and histopathological evaluation confirmed the tolerability of the optimized formula in rats upon topical application. Accordingly, ultra-permeable noisomes, as a stable nanosystem, could be promising for effective delivery of MTX.